Summary
Thirty-two light-horse mares were confirmed to be pregnant and assigned to one of four treatments: (1) injected with 250 /~g of Equimate on day 70 and again on day 77 if abortion had not occurred; (2) injected with 250/~g of Equimate on day 70 and every 24 hr until abortion occurred (maximum four injections); (3) injected with 250/~g of Equimate on day 70 and every 12 hr until abortion (maximum eight injections); and (4) injected with 250 /~g of Equimate once only on day 35 of gestation. Mares were observed four times daily for incidence of abortion or side effects. Estrual behavior was monitored daily and follicular activity either daily or every third or fourth day until estrus and ovulation. Samples of jugular blood were obtained at 0600 hr day -1 and every 6 hr until the first day of estrus after abortion, or for 2 weeks after abortion if estrus had not occurred, or for 1 week after treatment for mares that had not aborted. A single injection of Equimate terminated pregnancy in all but one mare injected on day 35, but none of the mares given an injection on day 70 and 77 aborted. Multiple injections of Equimate beginning on day 70 of gestation terminated pregnancy in all mares. Fewer (P<.05) injections were required for abortion of mares injected daily. During the immediate week posttreatment, concentrations of progesterone decreased (P<.05) in all mares injected with
Introduction
Prostaglandin F2 a (PGF2 a) has been shown to be an abortifacient in several species. Vascular infusion or systemic injection of PGF2 ~ terminates pregnancy in cattle (Lauderdale, 1972) , pigs (Diehl and Day, 1973) , goats (Currie and Thorburn, 1973) and ponies (Douglas et al., 1974) . Douglas et al. (1974) reported that 13 of 13 pony mares aborted following injections of 2.5 mg PGF2ct given at 12-hr intervals. However, a single injection of 2.5 mg given on days 100 to 150 caused abortion in only one of five mares (Douglas et al., 1974) , but treatment of pregnant mares with a single injection of 1.25 mg PGF2a on day 32 resulted in termination of pregnancy in each of four mares (Kooistra and Ginther, 1976) . Thus, stage of pregnancy influences the response to PGF2~ injection. It is hypothesized that the presence of secondary corpora lutea on the ovaries and PMSG in the blood of pregnant mares after days 35 to 40 of gestation makes abortions with PGF2~ more difficult. Controlled studies on the efficacy of either PFG2a or its analogues for induction of abortion in light-horse mares have not been conducted. However, Fluprostenol, a PGF2a analogue, has been found effective for induction of parturition in light-horse mares (Ross-490 JOURNAL OF ANIMAL SCIENCE, Vol. 50, No. 3, 1980 dale et al., 1976 and for induction of estrus (Nett et al., 1979) .
The purpose of this study was to determine the effectiveness of Equimate for induction of abortion in light-horse mares when given prior to and after the appearance of PMSG. In addition, the effect of Equimate on the secretion of progesterone and PMSG was determined.
Materials and Methods
Mares used in this experiment were of lighthorse type, mixed-breeds, nonlactating, 3 to 20 years old and weighed 375 to 525 kilograms. Twenty-four mares confirmed to be pregnant 50 days postestrus were randomly assigned to one of three treatments as they became available: (1) injected once with 250 gig of Equimate intramuscularly on day 70 of gestation and again on day 77 if abortion had not already occurred; (2) injected with 250 gig of Equimate on day 70 and every 24 hr until abortion occurred (maximum four injections); (3) injected with 250 gig of Equimate oq day 70 and every 12 hr until abortion occurred (maximum eight injections). Eight additional mares of the same type, age and weight received 250 gig of Equimate on day 3 5 of gestation.
Mares were maintained in a band outside during the day and in individual box stalls at night. Forty-eight hours prior to treatment and after treatment until abortion, or for 2 weeks, whichever occurred first, mares were housed in individual stalls. From day -1 (day 0 = day of treatment) until abortion occurred, or for 2 weeks, mares were observed at least four times per day to detect the occurrence of abortion and side effects. The ovaries and uterus of each mare were palpated per rectum and the cervix and vagina examined through a vaginal speculum twice daily from day -1 until abortion. At each examination the following data were recorded: (1) number and size of follicles, (2) occurrence of ovulation, (3) uterine tone, (4) presence of fetal bulge, (5) cervical color and tone, (6) amount and type of cervical and vaginal secretion and (7) presence of membranes in vagina. Abortion was based on recovery of the fetus and(or) loss of fetal bulge, presence of excessive fluid in the vagina or presence of fetal membranes. Beginning on day 0, mares were teased daily (Back et al., 1974) until the last day of the post-treatment estrus.
Follicular development and ovulation were determined by palpation of the mare's ovaries per rectum every third or fourth day, unless a follicle ;~30 mm was present, in which case palpations were performed daily.
Samples of jugular blood (-------35 ml) were obtained every 6 hr starting at 0600 hr on day -1 and continuing until the first day of estrus after abortion, or for 2 weeks after abortion if estrus had not occurred, or for 1 week after treatment for mares that had not aborted. All samples were stored at 5 C for 24 to 36 hr, and then centrifuged, with serum recovered and stored frozen at -20 C until assayed for progesterone (Niswender, 1973) and PMSG (Nett et al., 1975) by radioimmunoassay. The assay used for PMSG did not distinguish between PMSG and LH.
Analysis of variance was used to test treatment effects on number of injections given, interval from first and last injection to abortion and intervals from abortion to the first day of estrus and ovulation. Means for the number of anovulatory estrous periods and ovulations without estrus for each group were compared by Chi-square analysis. In .addition, leastsquares analysis of variance was used to evaluate treatment effects on PMSG and progesterone concentrations. The statistical model included treatment, days post-treatment, time of blood sampling each day and the interaction of these factors. Means were compared by Tukey's HSD test. Due to heterogeneity of variance, the hormonal concentrations were subjected to a logarithmic transformation prior to analysis.
Results
Administration of a single injection of 250 gig of Equimate on day 35 of gestation resulted in interruption of pregnancy in seven of eight mares, whereas the same dose given on days 70 and 77 was ineffective (table 1) . However, when multiple injections of Equimate were given beginning on day 70 of gestation, 100% of the pregnancies were terminated. The time required from the first injection until abortion occurred was similar (P>.05) for all three groups of mares that aborted. The time from the last injection to abortion was similar for mares injected daily and those injected twice daily on day 70 (1.0 vs 1.5 days). Thus, fewer (P<.05) injections were required for abortion of mares injected once daily.
The reproductive performance of mares after abortion is presented in tables 2 and 3. Tbe intervals from abortion to the first day of estrus and ovulation were less (P<.05) for mares in- exhibited at least one anovulatory estrus prior to an estrus accompanied by ovulation (table  3) . The mean duration and standard deviation of these anovulatory estrous periods were 4.4 -+ 3.1 days. Two mares in each of the three groups ovulated without detectable signs of estrus prior to an estrus accompanied by ovulation.
None of the mares exhibited side effects due to injection of Equimate. No differences were detected among groups in the time interval from treatment to loss of fetal bulge and loss of uterine and cervical tone or in the amount of cervical and vaginal secretion. Approximately 1 to 2 days after injection of Equimate, the cervix began to soften and relax and the amount of thin, watery, cervical secretion increased. This was followed by rupture of the chorioallantois and expulsion of the fetus within 2 to 3 days. All mares expelled their placenta within 12 hr of abortion.
Presented in table 4 are the mean concentrations of progesterone for each group of mares prior to treatment, on day of treatment and the first 6 days after the initial treatment. These means are based on the assay results of four samples collected each day. Secretion of progesterone was significantly affected by treatment, time post-treatment and the interaction of treatment and time. Overall, the mean concentrations of progesterone were greater (P<.05) for mares injected once only on day 70 than for mares in the other three groups. There was a significant affect of treatment, time and the interaction of time and treatment on PMSG concentrations during the immediate week post-initial-treatment. Concentrations of PMSG were lower (P<.O5) for mares injected once on day 35 than for mares in the other three groups. Levels of PMSG remained relatively constant in the day 70 group but increased (P<.05) between days 2 and 6 postinitial-treatment in the day 35 group (table  5) . Concentrations of PMSG and(or) LH continued to increase (P<.05) in this group of mares during days 7 through 16 post-initialtreatment (figure 1).
Discussion
The abortifacient effect of a single injection of Equimate on day 35 of gestation in lighthorse mares was similar to the response of pony dMean -+ SD. eMean -+ SD.
mares given PGF2a on day 32 (Kooistra and Ginther, 1976) . One of the eight mares given Equimate on day 35 in this study did not abort. In addition, secretion of progesterone by this mare did not decrease after injection of Equimate and concentrations were maintained at approximately 4 to 5 ng/ml throughout the week postinjection. Concentrations of progesterone in the remaining seven mares in this group were less than 2 ng/ml by 32-hr postinjection. This decline in secretion of progesterone after Equimate injection was similar to that reported for mares injected during diestrus (Nett et al., 1979) . Injection of Equimate once only on days 70 and 77 of gestation did not induce abortion, although concentrations of progesterone decreased by approximately 50% after each injection. Secretion of
.~ .,~ .,', .,~ .,~ .,; .,~ .,~ ~)oy~ POSt Inltiol Treotrnenl Figure 1 . Effect of Equimate on secretion of PMSG. The initial injection (250 /ag) was given at 0600 hr on day 35 of gestation. Daily means represent samples collected at 6-hr intervals beginning at 0600 hours. Values for the mare that failed to abort when given 250 ~g on day 35 were not included. progesterone fell below 2 ng/ml for 48 hr in one mare and to less than 1 ng/ml for 5 days in another mare, with no resulting abortion. Douglas et al. (1974) reported that about 50% of pony mares 40 to 150 days pregnant aborted after a single injection of 1.25 or 2.50 mg PGF2 a-These authors reported that there was a tendency for more mares in the earlier stages of gestation to abort.
Multiple injections of Equimate (either once daily or twice daily) resulted in termination of pregnancy in all eight mares in each group. These results are similar to those obtained with pony mares given 2.50 mg PGF2a at 12-hr intervals (Douglas et al., 1974) . The mean number of injections given before abortion occurred and the interval from the first injection to abortion were 3.7 and 38.6 hr, respectively (Douglas et al., 1974) . In our study, values for mares given Equimate every 12 hr were 7.4 and 125 hr, respectively. The interval from the first injection of Equimate to abortion was approximately 4 to 5 days regardless of whether the injections were given daily or twice daily. Thus, the most practical and inexpensive regimen would be daily administration of Equimate. Perhaps abortion could have been induced with only once-daily or twice-daily injections of Equimate for 2 consecutive days since concentrations of progesterone reached the nadir by day 2 post-treatment and no further reduction was observed with subsequent injections.
Apparently the function of the endometrial cups was not altered after injection of Equimate on day 70 since concentrations of PMSG remained elevated for at least a week after in-jection. Except for one mare, PMSG was not detectable by day 35 (day of Equimate injection) and did not appear in the mare's blood in appreciable quantities until days 38 to 40 of gestation. Allen (1969) reported that the stimulus for endometrial cup formation occurred between days 35 and 40 of gestation and was of fetal origin. As presented in figure 1, PMSG and(or) LH continued to rise in the blood of these mares during days 7 through 16 post-treatment and achieved levels comparable to those of the day 70 group of mares. However, the majority of mares in this group were exhibiting estrus during this time. Thus, the preovulatory LH rise may have contributed to the increased concentration of immunoreactive PMSG. Therefore, further experimentation will be needed to truly determine the lifespan of the endometrial cups after induction of abortion at day 35. It is suspected that the function of the endometrial cups was impaired to some extent since the majority of these mares cycled quite early after abortion.
Five of the seven mares that aborted due to injection of Equimate on day 35 of gestation exhibited estrus within 1 day after abortion, while the remaining two mares exhibited estrus 17 and 58 days postinjection. All of these estrous periods were accompanied by ovulation as determined by daily rectal palpation. These results are in contrast to those of Kooistra and Ginther (1976) , who reported erratic reproductive activity after induction of abortion on day 32 of gestation. In our study, no attempt was made to assess fertility of these mares or to determine their cyclic activity after the first posttreatment estrus and ovulation.
Estrus accompanied by ovulation was delayed in those mares that aborted after day 70, apparently until endometrial cups and PMSG disappeared. Thus, although luteolysis in these mares occurred, estrus and ovulation were delayed for approximately 40 to 50 days. However, six of eight mares in each of these two groups did display estrus without ovulation before this time. The ovaries of these mares became quite small, hard and inactive and resembled the type of ovary indicative of a mare in winter anestrus, in spite of the fact that this was during June to August, the physiologic breeding season. Therefore, rebreeding of these mares during the same breeding season in which they were induced to abort would have been difficult.
